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© Variable-capacity swash-plate type compressor. 



© A swash-plate type compressor comprises a plu- 
rality of cylinder chambers (60) parallel to each 
other, a rotary shaft (1), a swash plate (10) con- 
nected to the rotary shaft for rotation therewith and 
for wobbling motion due to the rotation, and a plural- 
ity of pistons (7) subject to wobbling motion of the 
swash plate for reciprocation within the respective 
cylinder chambers. The shaft (1) and the swash 
plate (10) are connected to each other through a slot 
(166) formed in one of them and a pin (80) provided 
on the other, such that the swash plate is capable of 
^wobbling. A position of a center of rotation of the 
^ swash plate is supported by a spool device (30, 40) 
^movable in coaxial relation to the shaft (1). Displace- 
03 ment of the spool device (30, 40) causes the position 
Qof the center of rotation of the swash plate and an 
CO inclination thereof to be varied to vary a reciproca- 
COtive stroke of each piston (7), thereby controlling 
q discharge capacity of the compressor. The engaging 
slot (166) has at least a section thereof between 



Lil 



positions corresponding respectively to a maximum 
discharge capacity and an intermediate discharge 
capacity of the compressor, which section is formed 



into a nonlinear configuration (166a) in such a man- 
ner that an angle between a normal line (n) of the 
slot and an axis of the shaft decreases at a position 
corresponding to a large discharge capacity of the 
compressor, thereby restraining an increase in in- 
clined moment acting upon the swash plate (1 0) due 
to a dead volume occurring in the working chamber 
on one side of the piston at a large capacity of the 
compressor. 
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VARIABLE-CAPACITY SWASH-PLATE TYPE COMPRESSOR 



BACKGROUND OF THE INVENTION 

The present invention relates to a variable- 
capacity swash-plate type compressor which is ef- 
fective for use as a refrigerant compressor of an air 
conditioning system for automotive vehicles, for 
example. 

In the prior application (EPC: No. 87112734.6 
on Sept 1, 1987), one of the inventors of this 
application and others have proposed that, in a 
swash-plate type compressor in which fluid is com- 
pressed within a pair of working chambers ar- 
ranged respectively at opposite ends of each pis- 
ton, an angle of inclination of a swash-plate is 
varied while preventing a dead volume from in- 
creasing uniformly in each of the working cham- 
bers at the opposite ends of the piston, thereby 
controlling the capacity of the compressor continu- 
ously. 

The swash-plate type compressor is arranged 
such that a spool is engaged with the swash plate 
rotatrvely driven by a shaft, and an angle of inclina- 
tion of the swashrpiate is reduced by axial move- 
ment of the spool, to alter the stroke of the piston. 
Further, the arrangement is such that a spherical 
bearing is arranged at the center of the swash 
plate, and is also displaced in synchronism with the 
spool. With such arrangement, while the dead vol- 
ume increases considerably in on© of the pair of 
working chambers, the capacity decreases gradu- 
ally without being accompanied with a considerable 
increase of a dead volume in the other working 
chamber. Accordingly, the capacity of the com- 
pressor can be controlled continuously in compli- 
ance with displacement of the spool. 

There may be a case in the swash-plate type 
compressor that the spool is not displaced well 
under the influence of a dead space produced in 
one of the pair of ~ working chambers at the op- 
posite ends of the piston, in a state in which an 
amount of decrease in the stroke of the piston is 
small, in other words, in a state in which the 
discharge capacity of the compressor decreases 
more or less from the maximum discharge capac- 
ity. By this reason, supplementing load means is 
provided for supplementing the displacement of the 
spool, thereby enabling the displacement of the 
spool to be controlled even if the displacement of 
the spool is in the state described above. 

However, the above supplementing means re- 
quires a spring unit considerably high in spring 
constant so that the design of the spring unit is 
difficult from the viewpoint of stress. Further, since 
the spring force is excessively strong in case of a 
low compression ratio, pressure of control fluid 



required to bring the capacity of the compressor to 
the maximum against the spring force exceeds the 
discharge pressure of the compressor. Thus, there 
may be a case where it is made difficult to secure 
5 the control fluid. 



SUMMARY OF THE INVENTION 

io It is an object of the invention to provide a 

swash-plate type compressor capable of suitably 
controlling its capacity from the minimum to the 
maximum without the use of especial supplemen- 
ting means. 

T5 For the above purpose, a swash-plate type 

compressor according to the invention is arranged 
such that one of a swash plate and a shaft is 
formed with an engaging slot, and a pin fixed to the 
other is inserted in the slot thereby connecting the 

20 swash plate to the shaft swingably. The engaging 
slot is formed into a nonlinear configuration having 
an inflection point at a location corresponding to an 
intermediate discharge capacity of the compressor, 
In such a manner that an inclination of a normal 

25 line of the slot with respect to the axis of the shaft 
decreases when the discharge capacity of the 
compressor is brought to a large capacity. By 
forming the engaging slot into the configuration 
described above, inclined moment occuring due to 

30 action of the compressor pressure to the swash 
plate, that is, fluctuation in moment attendant upon 
the dead space occurring in one working chamber 
is restrained, making it possible to control the dis- 
charge capacity of the compressor continuously. 

35 According to the invention, there is provided a 

variable-capacity wobble-plate type compressor 
comprising: a housing having defined therein a 
plurality of cylinder chambers extending parallel to 
each other; a shaft rotatably supported by the 

40 housing and extending parallel to the plurality of 
cylinder chambers; a swash plate connected to the 
shaft for rotation therewith and for wobbling motion 
due to the rotation; a plurality of pistons siidabty 
arranged respectively within the cylinder chambers, 

45 each of the pistons being subject to the wobbling 
motion of the swash plate means and being recip- 
rocated within a corresponding one of the cylinder 
chambers; a plurality of pairs of first and second 
chambers, each pair of the first and second cham- 

50 bers being defined respectively at opposite ends of 
a corresponding one of the pistons by the piston 
and an inner surface of a corresponding one of the 
cylinder chambers, to carry out suction, compres- 
sion and discharge of fluid; a spool arranged for 
movement in coaxial relation to the shaft, the spool 
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retaining the swash plate for wobbing motion at a 
center of rotation of the swash plate, wherein 
movement of the spool causes a position of the 
center of rotation of the swash plate to be dis- 
placed axially of the shaft and causes the swash 
plate to be varied in inclination, thereby varying a 
reciprocative stroke of each piston, so as to make 
forwardly-movabie positions of the pistons in the 
respective first working chambers and forwardly- 
movabie positions of the pistons in the respectively 
second working chambers different from each oth- 
er; the shaft and the swash plate being connected 
to each other through slidable engagement be- 
tween an engaging slot formed in one of the shaft 
and the swash plate and a pin provided on the 
other; and the engaging slot having at least a 
section thereof between positions corresponding 
respectively to a maximum discharge capacity and 
and intermediate discharge capacity of the com- 
pressor, the section being formed into a nonlinear 
configuration in such a manner that an angle de- 
fined between a normal line of the engaging slot 
and an axis of the shaft decreases at a position 
where the compressor is brought to a large dis- 
charge capacity. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the invention will become more appar- 
ent from the ensuing detailed description and ap- 
pended claims taken in conjunction with the ac- 
companying drawings, in which: 

Tig. 1 is a cross-sectional view of an exam- 
ple of a swash-plate type compressor to which the 
invention is applied; 

Fig. 2 is a cross-sectional view taken along 
the line II - II in Rg. 1 ; 

Fig. 3 is a view for explanation of a minimum 
capacity state of the compressor illustrated in Rg. 
1; 

Rg. 4 is a view for explanation of a maxi- 
mum capacity state of the compressor illustrated in 
Rg. 1; 

Rg. 5 is a graphical representation of capac- 
ity variable characteristics of the compressor illus- 
trated in Rg. 1 ; 

Rg. 6 is a graphical representation of the 
relationship between pressure within a control 
chamber and a position of a control spool of the 
compressor illustrated in Rg. 1; 

Rg. 7 is a graphical representation of the 
relationship between a stroke of a piston and pres- 
sure within a working chamber of the compressor 
illustrated in Rg. 1 ; 



Rg. 8 is a graphical representation of the 
relationship between reciprocative movement of the 
piston and the pressure within the working cham- 
ber of the compressor illustrated in Rg. 1; 

5 Fig. 9 is a view for explanation of the opera- 

tion of a link constituted by a swash plate and a 
slot formed in the shaft of the compressor illus- 
trated in Rg. 1 ; 

Rg. 10 is a view for explanation of an em- 

10 bodiment of the slot in the shaft according to the 
invention; 

Rg. 1 1 is a graphical representation of the 
relationship between the pressure within the control 
chamber and the position of the spool in the com- 
15 pressor according to the embodiment of the inven- 
tion; 

Rg. 1 2 is a graphical representation showing 
a state in which the relationship between the pres- 
sure within the control chamber and the position of 
20 the spool varies depending upon the discharge 
pressure of the compressor according to the em- 
bodiment of the invention; 

Rg. 13 is a cross-sectional view of another 
example of the compressor according to the inven- 
25 tion; 

Rg. 14 is a view for explanation of another 
embodiment of the slot in the shaft according to 
the invention; 

Rg. 15 is a diagram showing a state in 

30 which the relationship between the pressure within 
the control pressure chamber and the spool posi- 
tion of the compressor having the slot shown in 
Rg. 14 varies depending upon the discharge pres- 
sure of the compressor; and 

35 Rg. 16 is a diagram showing a discharge 

capacity range employed in practice in a refriger- 
ant compressor of an air conditioning system for 
automotive vehicles. 

40 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 Referring first to Rgs. 1 through 4, the con- 

struction and the operation of a swash-plate type 
compressor of an air conditioning system for auto- 
motive vehicles, to which the invention is applied, 
will be described. 

so Rg. 1 is a longitudinal cross-sectional view of a 

variable-capacity swash-plate type compressor. 
The compressor comprises an outer shell com- 
posed of a front housing 4, a front side plate 8, 
suction valves 9, a front cylinder block 5, a rear 

55 cylinder block 6, suction valves 12, a rear side 
plate 11 and a rear housing 13 which are formed of 
aluminum alloy and which, are connected together 
by through bolts 16. The cylinder blocks 5 and 6 
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are formed therein with five cylinders 64 (641 
through 645) as shown in Fig. 2, such that the 
cylinders 64 have their respective axes extending 
parallel to each other. A shaft 1 rotated under 
driving force from an engine for running an auto- 
motive vehicle is rotatably supported by the cyl- 
inder block 5 through a bearing 3. Thrust force 
acting upon the shaft 1 , that is, force acting to the 
left as viewed in Fig. 1 is born by the front cylinder 
block 5 through a thrust bearing 15. 

The shaft 1 has a rearward end; that isfa right- 
hand end as viewed in Fig. 1 , which is inserted in a 
cylindrical slide section 40. The slide section 40 is 
rotatably supported by a cylindrical spool 30 
through a bearing 14. Thrust force acting upon the 
slide section 40. that is, force acting to the right as 
viewed in Fig. 1 is born by the spool 30 through a 
shoulder 17 on the slide section 40 and a thrust 
bearing 116. The spool 30 is supported axially 
sfidably in a cylindrical section 65 of the rear 
cylinder block 6 and in a cylindrical section 135 of 
the rear housing 13. 

A swash plate 10 is arranged within the cyl- 
inder blocks 5 and 6. The swash plate 10 is formed 
at its center with a spherical surface section 107. A 
spherical support portion 405 provided at the end 
of the slide section 40 is engaged with the spheri- 
cal surface section 107. Thus, the swash piate 10 
is supported by the spherical support portion 405 
in a swingable manner. 

The swash plate 10 has a front-side projection 
formed with a slit 105. A flat plate section 165 is 
formed at a portion of the shaft 1, which cor- 
responds to the front-side projection on the swash 
plate 10. The flat plate section 165 is so arranged 
as to be in surface contact with an inner wall of the 
slit 105, whereby rotational driving force given to 
the shaft 1 is transmitted to the swash plate 10. 

A pair of shoes 18 and 19 are arranged slidab- 
iy at a peripheral edge of the swash piate 10 and at 
a location corresponding to each cylinder 64. A 
piston 7 is slidably arranged in each cylinder 64 
formed in the cylinder blocks 5 and 6, to define a 
pair of working chambers 50 and 60 at the respec- 
tive opposite ends of the piston 7. The pair of 
shoes 18 and 19 are mounted respectively to the 
opposite sides of the swash plate 10 sJidably as 
described above. The pair of shoes 18 and 19 are 
engaged rotatably with a recess formed at an axial 
center of the piston 7. Thus, swinging motion of the 
swash plate 10 attendant upon rotation thereof is 
transmitted to the piston 7 through the shoes 18 
and 19 as reciprocative motion. In this connection, 
the shoes 18 and 19 are so formed as to define a 
common spherical surface when they are assem- 
bled onto the swash plate 10. 

The flat plate section 165 of the shaft 1 is 
provided with a slot 166 which is inclined with 



respect to the axial direction of the shaft 1 . The slit 
105 in the swash plate 10 is formed with a pin- 
inserting bore. After the fiat plate section 165 of the 
shaft 1 has been arranged in the slit 105 of the 
s swash plate 10, the pin-inserting bore of the slit 
105 and the slot 166 in the shaft 1 are connected 
to each other through a pin 80 and a bearing 909 
which supports the pin 80 rotatably in the pin- 
inserting bore. An inclination of the swash plate 1 0 
70 varies depending upon a position of the pin 80 
within the slot 166. in this connection, simulta- 
neously with variation of the inclination, a position 
of the center of the swash plate 10 also varies, that 
is, a position of the spherical surface section 107 
is and the spherical support portion 405 also varies. 

The reference numeral 21 in Fig. 1 denotes a 
shaft-seal device arranged within the front housing 
4, for preventing refrigerant gas and lubricating oil 
from leaking to the outside along the shaft 1. The 
20 reference numeral 24 denotes discharge ports 
which are provided respectively in the side plates 8 
and 11. The discharge ports 24 open respectively 
to the working chambers 50 and 60, and commu- 
nicate respectively with discharge chambers 90 
25 and 93 within the front and rear housings 4 and 13. 
The discharge ports 24 are opened and closed 
respectively by discharge valves 22 and 23. 

The reference numeral 25 in Fig. 1 designates 
suction ports provided respectively in the side 
no plates 8 and 11. Through the suction ports 25, the 
working chambers 50 and 60 communicate respec- 
tively with suction chambers 72 and 74 within the 
front and rear housings 4 and 1 3. The suction ports 
25 are so designed as to be opened and closed- 
35 respectively by the suction valves 9 and 12. 

The reference numeral 400 in Fig. 1 desig- 
nators a control valve for controlling pressure with- 
in a control pressure chamber 200 which is defined 
at the rearward end of the spool 30. One port of 
40 the control valve 400 communicates with the rear- 
side suction chamber 74 through a low-pressure 
introducing passage 97. The other port of the con- 
trol valve 400 communicates with the discharge 
chamber 93 through a restriction and a high-pres- 
45 sure introducing passage 96 and also communi- 
cates with the control pressure chamber 200 
through a control pressure passage 98. Thus, the 
pressure within the suction chamber 74 and the 
pressure within the control pressure chamber 200 
so act respectively upon the opposite sides of a flange 
at the rearward end of the spool 30. 

The discharge chamber 90 on the front side in 
Fig. 1 communicates with a discharge port through 
a discharge passage formed in the cylinder block 
55 5. On the other hand, the discharge chamber 93 on 
the rear side communicates with a discharge port 
through a discharge passage formed in the cylinder 
block 6. Both the discharge ports are connected to 
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each other by outside piping, so that the discharge 
chambers 90 and 93 are made equal in pressure to 
each other. Moreover, the suction chamber 72 on 
the front side communicates with a suction space 
70 formed at the center of the cylinder blocks 5 5 
and 6, through a suction passage 71. Likewise, the 
suction chamber 74 on the rear side communicates 
with the suction space 70 through a suction pas- 
sage 73 formed through the rear cylinder block 6. 

The operation of the compressor constructed w 
as above will be described. When an electromag- 
netic clutch (not shown) is moved to its engaged 
position and the shaft 1 starts to be rotated by 
driving of the engine of the automotive vehicle, the 
rotation of the shaft 1 causes each piston 7 to be ;s 
reciprocated through the swash plate 10. With the 
reciprocative movement of the piston 7, suction, 
compression and discharge of refrigerant are car- 
ried out within the working chambers 50 and 60, as 
illustrated in Fig. 2. 20 

In connection with the above, force due to a 
differential pressure between the working chamber 
60 on the rear side and the working chamber 50 on 
the front side is applied to the swash plate 10 
through the piston 7 and the shoes 18 and 19. 25 
Since, particularly, the swash plate 10 is swingably 
supported by the spherical support portion 405 of 
the slide section 40, and is subject to the rotational 
force of the shaft 1 through fitting between the slit 
105 and the flat plate section 165, force applied to 30 
the piston 7 acts as moment in such a direction as 
to reduce the angle of inclination of the swash plate 
10. 

Specifically, in a state in which suction pres- 
sure is introduced into the control pressure cham- 35 
ber 200 by the control valve 400, the spherical 
support portion 405 and the spool 30 are displaced 
to the right as viewed in Fig. 3. As a result, the 
swash plate 10 is reduced in its angle of inclination. 
Since, however, the swash plate 10 is restricted by 40 
the pin 80 fitted in the slot 166 of the shaft 1, the 
swash plate 10 is reduced in its inclination, and 
exerts force to the right as viewed in Fig. 3 on the 
spherical support portion 405 arranged at the cen- 
ter of the swash plate 10, so that the sphericai 45 
support portion 405 is moved to the right. The 
force to the right as viewed in Fig. 3, acting upon 
the slide section 40 through the sphericai support 
portion 405, is transmitted to the spool 30 through 
the thrust bearing 116, so that the spool 30 is so 
moved until the same is abutted against the bottom 
of the rear housing 13. This state is illustrated in 
Fig. 3, in which the discharge capacity of the 
compressor is brought to the minimum. 

The refrigerant drawn through a suction port 55 
(not shown) connected to an evaporator of a refrig- 
eration cycle enters the suction space 70 at the 
center of the cylinder blocks 5 and 6 f then passes 



through the suction passage 73, and enters the 
suction chamber 74 on the rear side. Subsequent- 
ly, the refrigerant gas is drawn into the working 
chamber 60 through the suction port 25 and the 
suction valve 1 2, at the suction stroke of the piston 
7. The drawn refrigerant gas is compressed at the 
compression stroke. When the refrigerant gas is 
compressed to a predetermined pressure, the re- 
frigerant gas pushes to open the discharge valve 
22 through the discharge port 24, and is dis- 
charged to the the discharge chamber 93. The 
refrigerant gas at high pressure passes through the 
discharge passage, and is discharged to a con- 
denser (not shown) of the refrigeration cycle 
through the discharge port. 

Since, at this time, the top dead center of the 
piston 7 is displaced following reduction in the 
angle of inclination of the swash plate 10 and 
movement of the center of rotation thereof, the first 
working chamber 50 on the front side is large in 
dead volume. Accordingly, the first working cham- 
ber 50 is lower in compression ratio than the sec- 
ond working chamber 60 on the rear side, so that 
the pressure of the refrigerant gas within the first 
working chamber 50 is lower than that within the 
discharge chamber 90 into which the discharge 
pressure within the second working chamber 60 on 
the rear side is introduced. Thus, suction and dis- 
charge actions of the refrigerant gas are not carried • 
out within the first working chamber 50 on the front 
side. 

On the other hand, if the performance of the 
compressor required by the refrigeration cycle is 
high, high-pressure gas is introduced into the con- 
trol pressure chamber 200 by the control valve 
400. Accordingly, the pressure within the control 
pressure chamber 200 rises. 

Therefore, the force acting upon the spool 30 
to the left as viewed in Fig. 1 f due to a differential 
pressure between the control pressure chamber 
200 and the suction chamber 74 rises gradually 
with rotation of the compressor. When this force 
overcomes the aforementioned force urging the 
spherical support portion 405 to the right as viewed 
in Fig. 1 , the spool 30 begins to move gradually to 
the left as viewed in Fig. 1 . Under the action of the 
slot 166 in the shaft 1 and the pin 80, the swash 
plate 10 is increased in its inclination, while the 
center of rotation of the swash plate 10, that is, the 
spherical support portion 405 is moved to the left 
as viewed in Fig. 1. As the pressure within the 
control pressure chamber 200 rises further, the 
spool 30 is moved to the left as viewed in Fig. 1 
until a shoulder 305 on the spool 30 is abutted 
against the rear side plate 11. Thus, the maximum 
capacity state is realized. This is the state illus- 
trated in Fig. 4. In the state shown in Fig. 4, the 
refrigerant gas drawn through the suction port (not 
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shown) enters the suction space 70 at the center, 
passes through the suction passages 71 and 73, 
and enters the suction chambers 72 and 74. At the 
suction stroke, the refrigerant gas enters the work- 
ing chambers 50 and 60 through the respective 
suction ports 25 and the respective suction valves 
9 and 12. The refrigerant gas is then compressed 
with displacement of the piston 7, and enters the 
discharge chambers 90 and 93 through the respec- 
tive discharge ports 24 and the respective dis- 
charge valves 23 and 22. Then, the refrigerant gas 
passes through the discharge passages and is dis- 
charged through the discharge ports. The refriger- 
ant gas discharged through the discharge ports join 
at the outside piping. In this state, both the working 
chambers 50 and 60 carry out the suction and 
discharge actions of the refrigerant gas. 

The solid line a in Rg. 5 represents the rela- 
tionship between the piston stroke of the variable- 
capacity swash-plate type compressor and the 
compressor capacity. In Fig. 5, an amount of dis- 
placement of the spool is indicated on the assump- 
tion that the state of zero of the compressor capac- 
ity is 0, and the maximum capacity in Rg. 4 is 1_. 
The solid line f represents a case where the work- 
ing chambers "50 and 60 change in capacity uni- 
formly, in a capacity control system of the conv 
pressor, there is almost no increase in dead vol- 
ume in the second working chamber 60 on the rear 
side due to a decrease in the stroke of the piston, 
because change in the inclination of the swash 
plate 10 causes the stroke of the piston 7 to be 
varied and also causes the central position of the 
swash plate 10 to be altered. Therefore, as in- 
dicated by the dot-and-chain line b, the discharge 
capacity decreases gradually in accordance with 
the piston stroke. Conversely, the dead volume in 
the first working chamber 50 on the front side 
increases with a decrease in the piston stroke. The 
compression ratio decreases due to the increase in 
the dead volume between the spool displacement 
amounts 1 - e, so that the discharge capacity 
decreases~suddenly as indicated by the broken line 
c in Rg. 5. At the point of time the maximum 
pressure or the discharge pressure within the work- 
ing chamber 50 on the front side is brought to a 
value lower than the discharge pressure within the 
working chamber 60, that is, at the point d in Rg. 
5, the suction and discharge actions of the~Working 
chamber 50 on the front side are suspended. Thus, 
the suction, compression and discharge actions of 
the refrigerant gas are carried out only within the 
working chamber 60 on the rear side, so that the 
compressor capacity varies from the solid line ai to 
the solid line a2. 

In the manner described above, the pressure 
within the control pressure chamber is changed to 
vary the displacement amount of the spool, thereby 



variably controlling the compressor capacity. How- 
ever, consideration by the inventors of this applica- 
tion reveals that if the engaging slot 166 is brought 
to such a configuration that the top dead center of 

5 the piston 7 is made constant, it is difficult to 
maintain the displacement of the spool 30 at an 
appropriate position. 

If. as shown in Rg. 6, back pressure acting 
upon the spool 30, that is, the pressure within the 

w control pressure chamber 200 rises successively, 
the spool is displaced in proportion to the increase 
in the back pressure during a period within which 
the spool back pressure reaches a predetermined 
pressure F 2 as indicated by the solid line X - Y in 

15 Rg. 6. In this connection, the abscissa represents 
the displacement of the spool 30. A displacement 
value of the spool corresponds to an amount of 
change in the angle of inclination of the swash 
plate 10 and, further, corresponds to the reciproca- 

20 tive stroke of the piston 7. 

It has been ascertained that, as shown in Rg. 
6, if the back pressure on the spool 30 is increased 
to a value equal to or higher than the predeter- 
mined value F 2 , the stroke of the spool 30 is not 

25 displaced continuously, but increases immediately 
to the maximum stroke, as indicated by the solid 
line Y - Z in Rg. 6. That is, when the back pressure 
on the spool 30 is equal to or higher than the 
predetermined value F 2 , the displacement is al- 

30 ways retained at the position where the stroke of 
the spool 30 is brought to the maximum. 

Conversely, when the back pressure on the 
spool 30 is decreased, the displacement of the 
spool 30 is retained at the maximum displacement 

35 position, even if the back pressure is decreased 
from the maximum back pressure load F3 to the 
predetermined load F 2 and is further reduced to a 
load Fi smaller than the predetermined load F 2j as 
indicated by the solid line Z - K in Rg. 6. When the 

40 back pressure on the spool 30 is lowered more 
than the predetermined value Fi on the low-pres- 
sure side, the spool 30 is displaced suddenly by a 
predetermined amount of displacement, as indi- 
cated by the solid line K - L in Rg. 6. 

45 Specifically, even if the back pressure on the 

spool 30 is changed to control the amount of 
displacement continuously as shown in Rg. 5, it 
has been difficult to retain and control the actual 
displacement of the spool 30 accurately in the 

so vicinity of the maximum displacement position of 
the spool 30. 

Consideration of the cause of the above dif- 
ficulty by the inventors reveals that, at each stroke 
of the spool 30, the relationship between the dis- 
ss placement and the axiaJ force of the shaft 1 acting 
on the spool 30 has a tendency as indicated by the 
broken line in Rg. 6. Specifically, if the stroke of 
the spool 30 is increased from the state in which 
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the stroke of the spool 30, that is, the displacement 
amount from the side wall of the control pressure 
chamber 200 is minimum, the angle of inclination 
of the swash plate 10 is minimum, and the amount 
of reciprocative movement of the piston 7 is mini- 
mum as indicated by 0 in Fig. 6, the amount of 
reciprocative movement of the piston 7 increases 
with the increase in the stroke qf the spool 30 and, 
correspondingly, the thrust force utilized to dis- 
place the spool 30 increases, as indicated by the 
broken line O-Y rn Fig. 6. It is seen, however, that if 
an attempt is made to increase the stroke of the 
spool 30 more than the above, the force required 
for displacement of the spool 30 decreases con- 
versely, as indicated by the broken line Y-K in Fig. 
6. The state indicated by the broken line Y-K 
represents a region within which the reciprocative 
stroke of the piston 7 is controlled to the maximum 
amount. In other words, the state indicated by the 
broken line Y-K represents a region in which the 
discharge capacity of the compressor decreases 
slightly from the maximum discharge capacity. 

Specifically, as shown in Fig. 6, the peak load 
F2 (point Y) is seen between the stroke of the spool 
30 and the thrust force required for movement of 
the spool 30. The stroke of the piston correspond- 
ing to -the peak point F2 is P2. if the thrust force is 
increased more that the predetermined value F 2 as 
described above, the spool 30 advances imme- 
diately to the maximum amount (point Z in Fig. 6), 
and this state continues until the back pressure on 
the spool 30 decreases to a value equal to or lower 
than the thrust force F1 required to retain the spool 
30 at the maximum position. When the back pres- 
sure on the spool 30 is brought to a value equal to 
or lower than the thrust force F1 , the spool 30 is 
displaced from the point K immediately to the point 
L The displacement of the spool 30 at the point L 
is Pi. ~ 

Consideration by the inventors of this applica- 
tion reveals that, the reason why there is provided 
the characteristics as shown in Fig. 6 is that, in the 
swash-plate type compressor, the dead volume oc- 
curs only in the first working chamber 50 in the 
state in which the spool 30 is less in displacement. 
This operation will be described below with refer- 
ence to Rg. 7. 

Rg. 7 shows the relationship between the 
stroke of the piston 7 and the pressure within the 
working chamber 50, in other words, the relation- 
ship between the volume of the working chamber 
50 and the pressure within the working chamber 
50. The solid line A in Rg. 7 represents a state in 
which the piston T moves forwardly to the maxi- 
mum stroke, that is, a maximum discharge capacity 
state of the compressor. Further, the dot-and-chain 
line B in Rg. 7 represents a state in which the 
angle of inclination of the swash plate 10 de- 



creases slightly and, correspondingly, the forwardly 
movable amount of the piston 7 decreases. Ac- 
cordingly, in the state indicated by the dot-and- 
chain line B, a predetermined dead volume is pro- 
5 . duced between the piston 7 and the side plate 8. 
Furthermore, the broken line C in Rg. 7 represents 
a state in which the angle of inclination of the 
swash plate 10 further decreases so that the dead 
volume increases. Moreover, the two-dot-and-chain 
70 line D in Rg. 7 represents a state at the time the 
angle of inclination of the swash plate 10 is brought 
to the minimum and, correspondingly, the amount 
of reciprocative stroke of the piston 7 is brought to 
the minimum, so that the dead volume is brought 
15 to the maximum. 

The state, in which the piston 7 is displaced to 
the maximum position as indicated by the solid line 
A in Rg. 7, will first be described. As the piston 7 
is moved forwardly from the position indicated by g 
20 in Fig. 7 where the piston 7 is moved most reaf^ 
wardly, the volume of the working chamber 50 
decreases, and the pressure within the working 
chamber 50 increases, as indicated by g - h - i in 
Rg. 7. When the pressure within the working~cha"m- 
25 ber 50 reaches a predetermined pressure Pd, the 
discharge valve 24 is opened so that the pressure 
within the working chamber 50 does not increase 
more that that as indicated by i - j - k in Rg. 7. 
When the piston 7 starts to move rearward I y after 
30 the piston 7 has been displaced to the maximum 
stroke as indicated by the point k in Rg. 7, the 
suction port 25 is opened, so that the pressure 
within the working chamber 50 decreases imme- 
diately to the suction pressure Ps as indicated by p 
35 and, subsequently, the piston is again returned to 
the rearward end position indicated by g in Rg. 7. 
That is, in the state in which the piston is displaced 
to the maximum, a change in pressure takes place 
at the interior d of the working chamber 50, with a 
40 cycle of g,i, k, p and g. 

When "the ""angle of inclination of the swash 
plate 1 0 is reduced slightly so that a dead volume 
occurs at the forward end of the piston 7, a pre- 
determined volume is retained within the working 
45 chamber 50 as indicated by the dot-and-chain line 
B in Rg. 10. Accordingly, even if the piston 7 
moves rearwardly from this state, the refrigerant 
retained within the working chamber 50 again ex- 
pands as indicated by the dot-and-dash line j - q in 
50 Rg. 7, so that the pressure equal to or higher than 
the suction pressure Ps is retained within the work- 
ing chamber 50 during the reexpansion of the 
refrigerant. 

When the angle of inclination of the swash 
55 plate 10 is reduced further, and the stroke amount 
of the piston 7 decreases so that a large dead 
volume is formed within the working chamber 50, 
the discharge valve 24 is not opened even during 
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forward movement of the piston 7. That is, the 
pressure within the working chamber 50 during 
forward movement of the piston 7 is not brought to 
a value equai to or higher than the discharge 
pressure Pd. This state is indicated by the broken 
line C in Fig. 10. In this case, the pressure within 
the working chamber 50 and the volume thereof 
repeat the motion g-h-i-h-gin Fig. 10. If the 
angle of inclination of" the swash plate 10 is re- 
duced further, and the moving stroke of the piston 
7 decreases further, the state is finally brought to 
one indicated by the two-dot-and-chain line in Fig. 
7. In this case, the suction and the discharge are 
not carried out within the working chamber 50, so 
that the relationship between the volume of the 
working chamber 50 and the pressure therewith is 
brought to a state g - h - g . 

As described above, by occurrence of a dead 
volume within the working chamber 50, the pres- 
sure within the working chamber 50 varies during 
the reciprocative moving cycle of the piston. 

Fig. 8 is a graph showing the relationship be- 
tween the pressure within the working chamber 50 
and the cycle of the reciprocative motion of the 
piston 7. In Fig. 8, the solid line A corresponds to 
the state of the solid line A in Hg. 7. In this state, 
no dead volume occurs at the forward end of the 
piston 7, so that when the piston 7 starts to move 
rearwardly. the pressure within the working cham- 
ber 50 is immediately reduced to the suction pres- 
sure Ps. On the other hand/the dot-and-chain line 
B in Fig. 8 corresponds to the state of the dot-and- 
chain line B in Fig. 7. In this state, a dead volume 
occurs within the working chamber 50, and the 
remainder of the pressure due to the dead volume 
is seen in the working chamber 50. That is, even 
when the piston 7 performs the rearward move- 
ment, the pressure within the working chamber 50 
is not immediately reduced to the suction pressure, 
but decreases gradually from the discharge pres- 
sure Pd toward the suction pressure Ps. Further, 
the broken line C in Fig. 8 corresponds to the state 
of the broken line C in Fig. 7. When the dead 
volume increases to this state, the pressure fluc- 
tuation within the working chamber 50 is brought to 
substantially sinusoidal one, so that the pressure 
within the working chamber 5 does hot decrease to 
a value equal to or lower than the suction pressure 
Ps. 

Furthermore, the two-dot-and-chain line D in 
Rg. 8 corresponds to the state of the two-dot-and- 
chain line D in Fig. 7. In this state, the pressure 
fluctuation Ts brought to substantially sinusoidal 
one, similarly to the case indicated by the broken 
line C, so that no compression stroke is carried out 
In the state indicated by the two-dot-and-chain line 
D, moreover, pressure fluctuation within the work- 
ing chamber 50 decreases, and the~ maximum 



pressure within the working chamber 50 decreases. 

The broken line Y-K indicated in Rg. 6 repre- 
sents a region in which, in Fig. 7, the pressure 
volume state within the cycle reaches the broken 

5 line C from the solid line A. That is, in this region, 
as will be apparent from Rg. 8, the pressure re- 
mains within the working chamber 50 so that the 
force, with which the pressure within the first work- 
ing chamber 50 urges the piston 7 to the right as 

to viewed in Rg. 1 , increases. 

Here, the force urging the piston 7 to the right 
by the pressure within the first working chamber 50 
is brought to an action in such a direction as to 
increase the angle of inclination of the swash plate 

75 10. That is, the angle of inclination of the swash 
plate 10 is increased by the pressure remaining 
within the working chamber 50, so that the re- 
ciprocative stroke amount of the piston 7 increases. 
The behavior during this is represented by a region 

20 indicated by the broken line Y-K in Rg. 6. In this 
region, the pressure remaining within the working 
chamber 50 rises with an increase in the dead 
volume. In this region, accordingly, if the mean is 
taken per one revolution of the shaft, the thrust 

25 force, with which the swash plate is urged to the 
right by the piston on the front side, increases with 
an increase in the dead volume. 

As indicated by the broken line in Rg. 6, there- 
fore, the relationship between the stroke of the 

30 control spool 30 and the pressure within the control 
chamber 200 is brought to a curve having a peak Y 
at a point where the working chamber 50 on the 
front side stops to discharge the refrigerant Thus, 
in a region within which the stroke of the control 

35 spool 30 is larger than the peak Y, it is no longer 
possible to control the capacity of the compressor 
continuously. 

Here, consideration will be made in detail to 
the relationship between the pressure within the 

4Q working chambers 50 and 60 acting upon the pis- 
ton 7 and the pressure within the control chamber 
200 acting upon the spool 30. In Rg. 9, force F 
resulting from the compression force of the piston 
is transmitted to the swash plate 10 through the 

45 shoes 18 and 19. At this time, a moment M occurs 
on the swash plate 10, centering around an inter- 
secting point I between a normal line m of the slot 
1 66a at the position P of the pin 80 and the center 
line G of the spherical support portion 405. The 

so intersecting point I is equai to an instantaneous 
center of a link composed of the slot 166a, the 
spherical surface section 107 and the swash plate 
10. 

The thrust force acting upon the control spool 
55 30 is one for generating a moment in the reverse 
direction centering around the point I, in order to 
maintain the inclination of the swash plate 10 con- 
stant against the moment M. Accordingly, in order 
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to bring the relationship between the thrust force 
acting upon the control spool 30 and the discharge 
capacity of the compressor, to monotonously in- 
creasing one, the relationship between the moment 
M and the thrust force acting upon the spool 30 
should be brought to monotonously increasing one. 

In connection with the above, if the slot 166 is 
formed into a configuration which uses such an 
approximate line as to make the top dead center of 
the piston on the rear side constant (configuration 
indicated by 166a in Fig. 10), there has been a 
tendency that the moment M decreases in the 
vicinity of the maximum capacity under the influ- 
ence of the dead volume on the front side, as 
described previously. If, therefore, the configuration 
of the slot is inclined in the vicinity of the maximum 
capacity as indicated by 166b in Fig. 10, the nor- 
mal line n of the slot 166b at the position of the pin 
80 becomes smaller in inclination than the normal 
line m of the aforesaid slot 166a, so that the 
instantneous center of the link shifts from I to H in 
Fig. 9. Since, at this time, the center of the moment 
has moved from the point I to the point H, the 
thrust force acting upon the" spool 30 in order to 
retain the inclination of the swash plate 10 in- 
creases correspondingly to a decrease in the arm 
length from IGTto RCT. That is, the pressure Pc 
within the control pressure chamber required to 
keep ;the angle of the swash plate 10 constant 
varies, if the inclination of the slot 166 vaies, even 
if the .conditions of the working chambers 50 and 
60 are the same as each other. Accordingly, if the 
inclination of the slot 1 66 is increased continuously 
in the region in which the moment M decreases in 
the vicinity of the maximum capacity under the 
influence of the aforementioned dead volume, the 
decrease in the moment M can be compensated 
for so that the requisite pressure within the control 
pressure chamber 200 is increased. That is, it is 
made possible to bring the relationship between 
the stroke of the control spool 30 and the pressure 
within the control pressure chamber 200 to monot- 
onously increasing one, without the use of the 
supplementing means such as a spring unit or the 
like. 

The configuration of the slot according to the 
embodiment of the invention is in the form of the 
letter S in which the slot configuration has a down- 
wardly convex curve from the position Po of the pin 
at the maximum capacity to the point P3 where the 
working chamber 50 on the front side stops to 
discharge, a inflection point in the vicinity of the 
point P3, and an upwardly convex curve to the 
position P2 of the pin 80 at the minimum capacity. 
When the position of the pin 80 moves from Po to 
P3, the inclination of the normaJ line increases 
gradually fron no to n3. Therefore, following move- 
ment of the position of the spool from Po to Pa 



indicated in Fig. 11, the requisite control pressure 
supplements the increase in the control pressure 
due to the dead volume and decreases monoto- 
nously as indicated by the solid line a. In Fig. 10, 
5 on the other hand, when the position of the pin 80 
moves from P 3 to P 2 , the inclination of the normal 
line decreases fron n 3 to n 2 . Since, here, variation 
in the inclination of the normal line is gentle, the 
control pressure indicated by the solid line a in Fig. 
10 11 decreases gently following movement of the 
spool position from P 3 to P2. In this case, the 
decrease in the control pressure is gentle as com- 
pared with the slot 166a formed into a linear con- 
figuration as indicated by the broken line J5 in Rg. 
75 1 1 , so that, even if the position P 2 of the minimum 
capacity is reached, the control pressure is not 
brought to a value equal to or lower than the 
suction pressure Ps. 

That is, by the use of the above-described slot 
20 in the form of the letter S, the control pressure 
corresponding to the position of the control spool 
30 can be brought to a monotonously increasing 
relationship within a range equal to or lower than 
the discharge pressure and equal to or higher than 
25 the suction pressure. As a result, by appropriately 
introducing the discharge pressure or the suction 
pressure into the control pressure chamber by the 
control valve, it is made possible to control the 
discharge capacity of the. compressor from the 
30 maximum capacity to the minimum capacity con- 
tinuously and smoothly. 

In connection with the above, the arrangement 
of the compressor according to the embodiment 
has been described on the assumption of the run- 
35 ning conditions due to the compression ratio at the 
steady running. However, there may be a case 
where, under the running condition in which the 
compression ratio fluctuates over a wide range, the 
relationship between the spool position and the 
40 control pressure is not necessarily brought to mo- 
notonously increasing one because the discontinu- 
ous point Po of the control pressure due to the 
influence of the dead volume varies. Rg. 12 shows 
a change in the control pressure characteristic, due 
46 to a change in the discharge pressure, in case 
where an S-shaped slot is designed on the basis of 
the discontinuous point P 3 at the time the suction 
pressure is 2 kg/cm 2 and the discharge pressure is 
12 kg/cm 2 . In this case, the inflection point moves 
so toward P 3 , P*. P 5 and P s as the compression ratio 
lowers, so that a section slanting rightwardly and 
downwardly occurs in the characteristic. In this 
case, therefore, it is desirable to jointly use sup- 
plementing means such as a spring unit or the like. 
55 Rg.13 shows an embodiment to which a spring 

unit 900 is added. In this embodiment, the rightwar- 
dly and downwardly slanting section of the char- 
acteristic is corrected by additional load of the 
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spring unit 900. Moreover, as shown in Fig. 12, 
since the rightwardly and downwardly slanting sec- 
tion of the characteristic is" small in inclination, the 
spring unit having a weak spring constant can be 
employed, making it possible to secure durability 
of the spring unit sufficiently. The remaining ar- 
rangement of the embodiment illustrated in Hg. 13 
is similar to that of the embodiment shown in Fig. 
1 f and similar component parts are designated by 
the same reference numerals. 

In connection with the above, it is desirable 
that the curve having the inflection point in the 
vicinity of Pa indicated in the previous embodiment 
has such a characteristic that the curve decreases 
monotonously as far as possible during a period 
within which the control spool reaches Pi from P 0 
in Fig. 11. In practice, however, the curve may be 
formed by two circles having a point of contact in 
the vicinity of P2 in Fig. 10, in order to facilitate 
processing. Furthermore, a downwardly convex 
curve and a upwardly convex curve may be con- 
nected to each other through a straight line ar- 
ranged between them. Moreover, a line between 
the points P3 and P2 in Fig. 10 may be straight 

An example of the aforementioned modification 
is shown at reference numeral 166C in Fig. 14 in 
which the line between the points P3 and P2 in Rg. 
10 is straight A section between the pin position 
Po at the maximum capacity and the pin position 
Pi at the intermediate capacity has a downwardly 
convex curve configuration. Further, a section be- 
tween the pin position P* and the pin position P2 at 
the minimum capacity has a straight-line configura- 
tion smoothly connected to the above curve. The 
configuration has no inflection point in a region 
from Po to P2. 

The relationship between the control pressure 
and the discharge capacity in the configuration of 
the engaging slot 166c illustrated in Rg. 14 is 
shown in Rg. 15. As shown in Rg. 15, when the 
compression ratio e is high, a ratio between the 
control pressure and the discharge capacity has 
the monotonously increasing relationship, so that 
continuous control is possible. Rg. 15 shows, how- 
ever, that when the compression ratio is low 
(compression ratio e = 1.5. for example), the ratio 
between the control pressure and the discharge 
capacity is brought to a rightwardly and downwar- 
dly slanting characteristic on the side of the large 
discharge capacity, so that the capacity control is 
not brought to continuous one. 

it has been ascertained by experiments con- 
ducted by the inventors of this application, how- 
ever, that in case where the compressor is em- 
ployed as a refrigerant compressor of an air con- 
ditioning system for automotive vehicles, the dis- 
charge capacity and the compression ratio are ca- 
pable of occurring practically within a limited range 



as shown in.Rg. 16. 

Accordingly, in practice, when the compression 
ratio is extremely low (* = .1.5, for example), the 
compressor is used only on the side of the low 

5 discharge capacity and, therefore, there is no hin- 
drance even if the relationship between the dis- 
charge capacity and the control pressure slants 
rightwardly and downwardly on the side of the 
large capacity, as shown above. 

10 As will be seen from the foregoing, even in the 

engaging slot configuration having no inflection 
point as illustrated in Rg. 14, it is possible to 
control the discharge capacity of the compressor 
continuously and smoothly under the actual use 

75 condition. 

Furthermore, since the engaging slot configura- 
tion shown in Rg. 14 has no inflection point, pro- 
cessing is made easy as compared with the con- 
figuration having the inflection point. Further, the 

20 configuration having no inflection point has such an 
advantage that the discharge capacity can be con- 
trolled continuously without the use of any sup- 
plementing means, even at the intermediate capac- 
ity. 

25 In connection with the above, since the point at 

which the configuration of the engaging slot is 
greatly changed, that is, the point P3 in the exam- 
ple of Rg. 10 or the point Pi in the example of Rg. 
14, fluctuates depending upon factors such as the 
30 compression ratio and the like as mentioned pre- 
viously, it is desirable that this point is determined 
from compressor to compressor. Generally speak- 
ing on a compressor of an air conditioning system 
for automotive vehicles, however, the point is lo- 
ss cated at a position corresponding to 40% to 50% 
of the maximum discharge capacity of the com- 
pressor. It is to be noted that this is a volumetric 
ratio and is not in proportion to the length of the 
slot in the example of Rg. 1 0. 
40 As will be apparent from the above description, 

the arrangement of the swash-plate type compres- 
sor according to the invention is such that the 
engaging slot between the swash plate and the 
drive shaft is brought to a nonlinear configuration, 
45 whereby the thrust force due to moment tending to 
incline the swash plate is balanced with the driving 
force of the spool, to displace the swash plate, so 
that the reciprocative stroke of the piston is con- 
trolled. With such arrangement of the swash-plate 
so type compressor according to the invention, by 
controlling the control pressure applied to the 
spool, it is made possible to ensure that the dis- 
charge capacity of the compressor is controlled 
continuously. 

55 The invention has been described with refer- 

ence to the embodiments. It is to be understood, 
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however, that the various modifications can be 
made to the invention within the scope of the 
appended claims. 

5 

Claims 

1. A variable-capacity swash-plate type com- 
pressor comprising a housing (4 t 5, 6, 8. 11, 13) 
having defined therein a plurality of cylinder cham- w 
bers (64) extending parallel to each other; a shaft 

(1) rotatably supported by said housing and ex- 
tending parallel to said plurality of cylinder cham- 
bers; swash plate means (10) connected to said 
shaft for rotation therewith and for wobbling motion 75 
due to the rotation, said swash plate means being 
connected to said shaft through slidable engage- 
ment between a slot (166) formed in one of said 
swash plate means and said shaft and a pin (80) 
provided on the othen a plurality of pistons (7) 20 
slidably arranged respectively within said cylinder 
chambers, said pistons being subject to wobbling 
motion of said swash plate means and being recip- 
rocated respectively within said cylinder chambers; 
a plurality of pairs of first and second working 25 
chambers (50, 60), each pair of first and second 
working chambers being defined respectively at 
opposite ends of a corresponding one of said pis- 
tons by the piston and an inner surface of a cor- 
responding one of said cylinder chambers, to carry 30 
out suction, compression and discharge of fluid; 
and ..spool means (30, 40) movably arranged in 
coaxial relation to said shaft, said spool means 
retaining said swash plate means for wobbling mo- - 
tion at a position of a center of rotation of said 35 
swash plate means, wherein displacement of said 
spool means causes the position of the center of 
rotation of said swash plate means to be varied 
axially of said shaft and causes an inclination of 
said swash plate means to be varied, thereby vary- 40 
ing a reciprocative stroke of each piston, so as to 
make forwardly-movable positions of the pistons 
within the respective first working chambers and 
forwardly-movable positions of the pistons within 
the respective second working chambers different 45 
from each other, characterized in that 
said engaging slot (166) has at least a section 
thereof between positions corresponding respec- 
tively to a maximum discharge capacity and an 
intermediate discharge capacity of the compressor, 50 
said section being formed into a nonlinear configu- 
ration in such a manner that an angle between a 
normal line (n) of said slot and an axis of said shaft 
decreases at a position where the compressor is 
brought to a large discharge capacity. 55 

2. A compressor according to claim 1, char- 
acterized in that the configuration of said engaging 
slot is formed by two arcs, a point of contact 



between said two arcs being located at said posi- 
tion corresponding to the intermediate discharge 
capacity . of the compressor, and said two arcs 
being different in orientation from each other. 

3. A compressor according to claim 1, char- 
acterized in that the configuration of said engaging 
slot is formed by a curve of higher order having the 
inflection point (P3) at the position corresponding to 
the intermediate discharge capacity of the com- 
pressor. 

4. A compressor according to claim 1, char- 
acterized in that the configuration of said engaging 
slot (166c) is formed by a curve of higher order 
and a straight line. 

5. A compressor according to claim 1, char- 
acterized in that said shaft (1) is formed with a flat 
plate section (165) extending axially. and said 
swash plate means is provided with a slit (105) in 
which said flat plate section (165) is fitted, said flat 
plate section (165) being engaged with said slit 
(105) whereby said swash plate means is con- 
nected to said shaft (1) for rotation therewith and 
for wobbling motion relative thereto. 

6. A compressor according to claim 5, char- 
acterized in that said engaging slot (166b) is 
formed in said flat plate section (165) of said shaft 
(1), and said slit (105) in said swash plate means is 
formed with a pin-inserting bore, said pin (80) be- 
ing inserted in said engaging slot (166b) and said 
pin-insertion bore, to connect said swash plate 
means and said shaft to each other. 

7. A compressor according to claim 1, char- 
acterized in that said spool means has a cylindrical 
member (40) movable axially on said shaft (1), said 
cylindrical member being arranged on the opposite 
side of said second working chambers (60) from 
said engaging slot (166b) so as to alter the 
forwardly-movable positions of the pistons (7} in 
the respective first working chambers (50) thereby 
controlling the discharge capacity of the compres- 
sor. 

8. A compressor according to claim 7, char- 
acterized in that said cylindrical member (40) of 
said spool means has a spherical support portion 
(405) provided on an end of said cylindrical mem- 
ber on the side of said first working "chambers (50). 
and said swash plate means includes a spherical 
recess (107) complementary to said sphericaJ sup- 
port portion (405), said spherical recess being pro- 
vided at the position of the center of rotation of 
said swash plate means, said swash plate means 
being connected to said spool means for wobbling 
motion through engagement between said . spheri- . 
cal support portion and said sphericaJ recess. 

9. A compressor according to claim 1, char- 
acterized by further comprising control means for 
controlling displacement of said spool means, said 
spool means including a flange member having . 
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axial one end face exposed to suction pressure of 
the compressor, said control means including a 
control pressure chamber (200) formed in contact 
with the other axial end face of said flange member 
of said spool means and a control valve (400) for 5 
selectively introducing the suction pressure and 
discharge pressure of the compressor into said - 
control pressure chamber (200), the displacement 
of said spool means being controlled by a differen- 
tial pressure acting upon said flange member of io 
said spool means. 
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